PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION? 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
A61N 1/378 



Al 



(11) International Publication Number: WO 99/44684 

(43) International Publication Date: 10 September 1999 (10.09.99) 



(21) International Application Number: PCT/CA99/00194 

(22) International Filing Date: 5 March 1999 (05.03.99) 



(30) Priority Data: 
09/035,844 



6 March 1998 (06.03.98) 



US 



(71) Applicant (for all designated States except US): DEW EN- 

GINEERING AND DEVELOPMENT LIMITED [CA/CA]; 
3429 Hawthorne Road, Ottawa, Ontario K2E 6T8 (CA). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BORZA, Michael, A. 
[CA/CA]; 2036 Woodcrest Road, Ottawa, Ontario K1H 6H8 
(CA). 

(74) Agents: TE1TELBAUM, Neil et al.; Neil Teitelbaum & 
Associates, 834 Colonel By Drive, Ottawa, Ontario K1S 
5C4 (CA). 



(81) Designated States: AL. AM, AT, AU, AZ. BA, BB. BG BR 
BY, CA. CH, CN. CU, CZ, DE, DK, EE, ES, FI, GB, GD 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP. KE. KG KP 
KR, KZ, LC, LK, LR. LS, LT, LU. LV, MD, MG.W 
MN. MW, MX, NO, NZ, PL, PT, RO, RU. SD. SE, SG SI 
SK, SL, TJ, TM, TR, TT, UA. UG, US, UZ, VN YU Zw' 
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ UG* 
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD. RU, Tj' 
TM), European patent (AT, BE, CH, CY, DE. DK ES* Fl' 
PR GB, GR, IE, IT. LU, MC, NL, PT, SE), OAPI pa'tent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR NE 
SN, TD, TG). 



Published 

With international search report. 



(54) Title: TRANSCUTANEOUS ENERGY TRANSFER DEVICE 



50 



Channel 
Multiband 
Coder/Decoder 



43 



Power 
Control 



40* 



FPGA 



"Clock 



Phase 



_ Power 
Combining 
Circuit 




Channel 
Multiband 
Coder/Decoder 



Monitoring 
Means 



(57) Abstract 



In the design of transcutaneous energy transfer devices, variation in -i , - 

S changes. These changes may have significant effect on a system U fn ILT ? , C °, ,ls r " ultS m Cnergy transfcr efficicncv 
1 energy simultaneously. Preferably, a plurality t/S^SSfS^S^ Pr0Vlde f ? ^ Vlty ° f [m?M coiis for receivin S 
! in a multiple coil system is disclosed. - P transferring energy simultaneously. Also, a feedback svstem for ust 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AL) Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BP Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CC Congo 

CH Switzerland 

CI Cote d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EP. Estonia 



ES 

FI 

FR 

GA 

GB 

GE 

GH 

GN 

GR 

HU 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 
KZ 
LC 
LI 
LK 
LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazaicsian 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 


Lesotho 


SI 


LT 


Lithuania 


SK 


LU 


Luxembourg 


SN 


LV 


Latvia 


sz 


MC 


Monaco 


TD 


MD 


Republic of Moldova 


TG 


MC 


Madagascar 


TJ 


MK 


The former Yugoslav 


TM 




Republic of Macedonia 


TR 
TT 


ML 


Mali 


MX 


Mongolia 


UA 


MR 


Mauritania 


UG 


MW 


Malawi 


US 


MX 


Mexico 


UZ 


NE 


Niger 


VN 


NL 


Netherlands 


YU 


NO 


Norway 


ZW 


NZ 


New Zealand 




PL 


Poland 




FT 


Portugal 




RO 


Romania 




RU 


Russixn Federation 




SD 


Sudan 




SE 


Sweden 




SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United Stalea of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



WO 99/44684 



PCT/CA99/00I94 



Transcutaneous Energy Transfer Device 



Field of the Invention 

This invention relates to the Held of medical devices. In particular, the present 
invention relates to transcutaneous energy transfer (TET) devices. 

Background of the Invention 

A TET device is a device for providing electrical power to an implanted 
mechanical or electrical medical device, such as a bone growth stimulator, muscle 
stimulator, prosthetic heart or a ventricular assist device, without having to breach the 
skin to lead conducting wires therethrough. 

In US patent 5, 350, 413 John Miller discloses a TET device with a high-energy 
transfer efficiency. Such a device allows for efficient transfer of energy between two coils 
having fixed spacing. Unfortunately, as one coil is located within a body and another coil 
is located outside the body, maintaining coil separation at a constant distance is difficult. 
Changes in coil spacing result in variation of the induced voltage and, as the distance 
increases, the power transfer efficiency drops off rapidly. 

In an article entitled "Development of an Autotuned Transcutaneous Energy 
Transfer System, - John Miller, G. Belanger, and T. Mussivand suggest an autotuning 
circuit to overcome this problem. The autotuning circuit compares various voltages and 
currents present within a driving circuit external to the body to determine a tuning 
requirement. Such tuning enables the tuning of energy transfer where the coil spacing 
varies. 

It has been found that the autotuning function disclosed addresses the problem of 
power coupling efficiency, but fails to address a further problem of internal voltage 
control. In driving implanted medical devices, energy coupling efficiency and voltage 
control are separate but related issues to address. Better coupling efficiency results in 
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lower operating cost and improved battery life. Voltage control results in improved device 
operation and increased safety. In fact, some devices will fail from excessive applied 
voltage. 

Further, it has been found that efficiency is affected by several factors some of 
which include power coupling related factors such as spacing and load related factors 
such as medical device load requirements or faults. Unfortunately, autotuning does not 
address the issue of providing additional energy when required by a medical device. 

It has also been found, that prolonged exposure to electromagnetic fields results in 
damage to human skin. Resulting damage is not believed to be linearly related to the 
electromagnetic field strength and exposure time. It is believed that high-energy 
electromagnetic fields above a certain threshold damage human skin and adjacent tissue 
significantly more rapidly than low energy electromagnetic fields. Since a TET device 
provides energy to an implanted system and some of these implanted systems require 
significant power, the damage to tissue such as human skin is a significant drawback to 
extended use of TET devices. Reducing the electromagnetic field strength and/or reducing 
exposure time increases tissue longevity. 

Two common approaches are known for addressing the problem of tissue damage. 
The first, skin grafting, is a surgical technique wherein dead tissue is replaced with 
healthy tissue from another area of a patient's body. Surgical techniques of this type are 
generally, not desirable. The second technique involves the design and implantation of 
lower power devices. Unfortunately, a device such as a heart pump requires significant 
power even when efficiently implemented. 

It would be advantageous to provide a TET system that was less prone that the 
prior art to the problems of tissue damage. 

In US patent 5, 350, 413, John Miller further discloses an IR telemetry module for 
providing bi-directional communications. It is known that infra red telemetry is affected 
by skin pigmentation. As a transceiver disclosed by John Miller is implanted beneath a 
layer of skin, such considerations are important. It has been found that highly pigmented 
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skin attenuates IR signals and renders a system as disclosed by John Miller substantially 
unworkable. Further, dirt and other obstructions like clothing or casings affect IR 
telemetry and can render it inoperable. For a television remote control, this is an 
acceptable limitation; for medical devices required by an individual, an inoperable TET is 
5 unacceptable. 

Limitations are inherent in an IR telemetry link. IR is an optical communications 
means requiring an optical path between transmitter and receiver/Absent fibre or 
waveguides, IR telemetry is highly directional and limits a system to a single transmitter 
operating at a time in a direction. The directional nature of IR telemetry requires 
1 0 substantial alignment for optical communication. 

Until recently, IR telemetry has been limited to low frequency communications. 
At low frequencies, it is difficult to multiplex channels, as a serial link requires higher 
frequencies than a true multi-channel implementation. Unfortunately, as noted abo've, IR 
telemetry is not suited to true multi-channel communications. The advent of high speed 
IR circuits may allow for channel multiplexing using a known technique such Is time 
division multiplexing (TDM); however, this does not overcome previously mentioned 
shortcomings of IR. 

Object of the Invention 
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Thus in an attempt to overcome these and other limitations of the prior art it is an 
object of the present invention to provide a TET having multiple coils for implanting at 
multiple locations within a patient. Each coil receives a portion of transmitted energy and 
thereby results in exposure of tissue at each location to electromagnetic fields of lower 
intensity than result from use of a single pair of coils. 



Summary of the Invention 



In a first broad aspect, the invention seeks to provide for a transcutaneous energy 
transfer device for coupling with a plurality of second coils. The device includes a 
plurality of first coils, each first coil for performing at least one of transmitting power to 
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and receiving power from a coil from the plurality of second coils: and, a circuit, couoied 
to each coil from the plurality of coiis for performing one of providing power to each coil 
of the plurality of first coils, the power provided for transmission therefrom, and receiving 
and combining power from each coil of the plurality of first coils. In an embodiment, the 

5 device also includes a pluralitv of second coils P»rh ™;i f~ ♦ 

u L0US ' ^ ach C01 I for transmitting power to a first 

coil; and a second circuit, coupled to each of the second coils for providing power to each 
of the second coils, the power provided for transmission from the second coils. 

In accordance with the invention there is provided a transcutaneous energy transfer device 
for coupling with a second coil. The device includes a plurality of first coils, each first 
10 coH for performing at least one of transmitting power to and receiving power from the 
second coil; and a circuit, coupled to each coil from the plurality of coils for performing 
one of providing power to each coil of the plurality of first coils, the power provided for 
transmission therefrom, and receiving and combining power from each coil of the 
Plurality of first coils. In an embodiment the plurality of first coils are for receiving 
power; wherein the circuit is for receiving power from each coil of the plurality of first 
cods and for combining power from each coil of the plurality of first coils; and, wherein 

the plurality of first coils are for implantin" within * n P n m i„ , »u u j- 

° \wuun a person. In another embodiment the 

device also includes a pluralitv of first coils each fir C t™;i • ■ • , 

im cons, each first coil for implantation beneath the 

skin of a patient, the coils for receiving energy in the form of electromagnetic energy 
transmitted from outside the patient; a plurality of second coils for transmitting power 
received by the second coils in the form of electromagnetic radiation; a driver circuit for 
providing power to the second coils; and a circuit for combining the received energy 
received by the first coils and for providing power to an implanted device. 

. In accordance with another . aspect of the invention, there is provided a method of 
2, providing power from an external circuit having a plurality of primary coils to an 

planted circuit having a plurality of implanted secondary coils. The method comprises 
the steps of: 

determining an amount of power to provide to the implanted circuit; 
dividing the amount of power into a number of portions; 
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supplying sufficient power to each of a number of the primary coils to result in reception 
of a portion of the power at each of a number of the implanted secondary coils, the 
portions received at each of the implanted secondary coils forming the determined amount 
of power when combined. 

In accordance with another embodiment of the invention, there is provided a 
transcutaneous energy transfer device. The device comprises a primary circuit comprising 
a plurality of primary coils coupled to at least a primary coil driver, a primary RF 
transceiver coupled to a plurality of the primary coils for transmitting and receiving RF 
signals, and primary signal filtering and extraction means for extracting information from 
the RF signal received by the primary RF transceiver; and a secondary circuit comprising 
a plurality of secondary coils, a secondary RF transceiver coupled to a plurality of the 
secondary coils, and secondary signal filtering and extraction means for extracting 
information from the RF signal received by the secondary RF transceiver. 

Brief Description of the Drawings 



Exemplary embodiments of the invention will now be described in conjunction 
with the following drawings, in which: 

Fig. 1 is a simplified diagram of a Baxter Pharmaceutical® Pump; 
Fig. 2 is a circuit diagram of a-TET according to the prior art; 
Fig. 3 is a block diagram of an integrated voltage control and autotuning circuit 
20 implemented in an FPGA; 

Fig. 4 is a partial circuit diagram of an RF telemetry system according to the present 
invention; 

Fig. 5 is a partial circuit diagram of an alternative RF telemetry system according to the 
present invention; 

Fig. 6a is a simplified diagram of a plurality of embedded coils according to the invention 
and associated circuitry; and 

Fig. 6b is a simplified diagram of a plurality of embedded coils according to another 
embodiment of the invention and associated circuitrv. 
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Detailed Description of the Invention 

Referring to Fig. 1 , a Baxter Pharmaceutical® Pump is shown. The heart assist 
device operates to pump blood within a body. A solenoid 1 separates two levers 2. At an 
opposite end, the levers 2 are connected to compression means in the form of plates 4 that 
push against a sack 3. The compression of the sack 3 results in a pumping action. A 
fulcrum 5 is shown in order to clarify the motion of the levers 2. 

This pumping action requires that the solenoid 1 receive adequate power. The 
solenoid 1 is provided power in an alternating fashion. Power is only provided while the 
solenoid 1 exerts force on the levers 2. Alternatively, power is provided all the time and 
the device converts the power signal into an alternating power signal. The conversion can 
be accomplished using energy storage and discharge means. Once the sack 3 is 
compressed, the solenoid must be turned off to allow the sack 3 to fill with fluid. Further, 
the solenoid 1 draws little power except when compressing the sack 3. Even during 
compression, power requirements van- throughout a stroke. The operation is well 
1 5 documented in the prior an. 

The operation of the pump and similar devices draws energy inconsistently. As the 
load increases, voltage in the power supply is affected as is drive current. Increasing 
power supply voltage may result in voltage spikes when the load is removed. These 
power spikes are capable of damaging some devices. An approach to preventing this 
20 problem is to include voltage regulation means within each device to protect against 
power surges and voltage spikes. Prior art advances have addressed issues of power 
delivery and circuit tuning. Methods are known wherein voltage is regulated through a 
feed back loop or through autotuning. 



25 



Referring to Fig. 2, a TET device, known in the prior art, is shown. The device 
comprises a transformer designed to induce AC current in a subcutaneous winding for 
transformation to DC voltage for use in powering a medical device. Alternatively, the 
induced AC current is used to power a medical device. AC current is induced in L2, the 
secondary winding which may be, for instance, a torus core, wound with Litzendraht 
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implanted just beneath the surface of the skin S with electrical leads connected to a 
medical device. A similar primary winding LI is located in alignment with the secondary 
winding, on the skin surface and exterior thereto. 

Primary winding LI is connected to a capacitor 1 1 that is connected to the 
negative of a DC input bus. As indicated in Fig. 2, winding LI is also connected to a field 
effect transistor (FET) 10 controlled by FET driver 20. FET driver 20 receives inputs 
from voltage-controlled oscillator 21, soft start control 22 and low voltage shutdown 23 to 
produce an alternating or pulsing waveform. 

Power transfer may be considered to take place in two phases, a storage phase and 
a resonant phase. During the storage phase, energy is stored in the primary coil using a 
FET to switch the coil directly across the DC input supply. The FET is selected for its 
very low "on" resistance to minimise conduction losses. 

As shown in Fig. 2, the coil L2 is implanted under the skin S. The remainder of 
the circuit remains external to the skin. Voltage is induced in the coil L2 from the coil LI, 
said coil and driver circuitry therefor remaining external to the skin S. Skin is capable of 
suffering damage from exposure to electrical fields for prolonged periods of time. 
Therefore, in designing TET devices, it is very useful to limit the electrical field necessary 
to induce sufficient voltage to provide necessary power. 

Unfortunately, prior art circuits and methods do not address the significant 
problem of tissue damage. As discussed above, tissue damage results from prolonged 
exposure to electromagnetic fields. It is believed that reducing the field strength below a 
threshold field strength greatly increases tissue life. A method and device are presented 
herein for reducing the field strength across a patient's skin. 

Referring to Fig. 3, an integrated voltage control autotuning circuit implemented 
in an FPGA is shown. Measurements of internal voltage and internal load are supplied to 
the control circuit via a telemetry link with a subcutaneous circuit (shown in Fig. 4). Such 
telemetry links are known using IR transmission and RF transmission. Based on the 
supplied values, the control circuit assesses the voltage control needs and the coupling 
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efficiency in order to maintain appropriate levels of energy for the medical device. The 
FPGA controls the DC to AC converter, in the form of a plurality of FET drivers 20 and a 
power control circuit 43 (shown in Fig. 4), based on these values and based on system 
knowledge or calibration values. The FET drivers 20 are also used to control frequency 
5 and duty cycle. The circuit within the FPGA may incorporate other aspects of the TET 
circuitry. 

Since a TET system must operate over various conditions, it is preferable that a 
control circuit has information relating to current conditions in order to set the correct 
operating point. In order to effectively autotune the TET and control voltage one of two 
1 0 methods is required. A first method comprises feedback from the coils L2. This feedback 
along with a circuit designed to correct voltage and to tune the circuit based on the 
feedback allow for improved operation of the TET. Alternatively, a sufficiently large 
number of coils operating efficiently within narrow ranges are employed and, even absent 
feedback, provide a secure and efficient coupling to a plurality of internal coils. Of 
course, feedback also provides valuable information relating to the internal device, patient 
health, TET failure, battery failure when a battery is used, and so forth. 

When feedback of measured values is used, the programmable circuit responds to 
the measured values. When two values are measured in the form of load current and 
voltage, the measured values are low, normal, or high resulting in 9 possible 
combinations for each coil L2 from the plurality of coils L2. In this embodiment, phase is 
corrected using phase correction circuitry independent of the programmable circuit. For 
each of the 9 possible combinations the programmable circuit responds. The response 
may, for example, drift values toward an acceptable range. When measured load of a 
particular coil L2 increases, induced current is increased to maintain induced voltage 
substantially constant. When measured voltage increases, induced voltage is lowered to 
maintain induced voltage substantially constant. This effectively improves operation of 
the TET and prevents surges that can damage implanted devices. Further, since a plurality 
of coils are used to transmit and receive power across the skin, the skin at each coil 
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location receives a fraction of the electromagnetic field strength required when using a 
single pair of coils, as taught in the prior art. 

Alternatively, a single load measurement is used and the coils L2 are controlled in 
accordance therewith. In an embodiment, for example, each coil receives an equal fraction 
5 • of the transmitted energy. In another embodiment, coils are driven as determined through 
calibration. According to yet another embodiment, each coil provides some feedback 
relating to coupling efficiency in order to maximise overall energy usage while 
maintaining electromagnetic radiation across the skin below the predetermined threshold. 

Of course, phase correction circuitry may be implemented in association with the 
10 feedback information. Also, other corrective action may be implemented in order to 

maintain a desired coupling between external coils and implanted coils during operation 
oftheTET device. 

Different embodiments of control systems for maintaining sufficient power levels 
in the implanted circuit include the following features: a feedback loop for responding 
current and past measured values; calibration of the circuitry to function with a specifi 
implanted device; and/or calibration undertaken during an initial period of use, and 
ongoing estimation of tissue damage due to electromagnetic field strengths and overall 
exposure times. A calibrated programmable circuit allows for corrective actions in 
anticipation of change. The system, for example, includes storage means for storing past 
sequences of measured values that were controlled inadequately. When these patterns 
occur, the programmable circuit responds differently than in previous attempts (within 
acceptable parameters) to better address the measured values. Estimation of tissue damage 
permits control of multiple external coils in an attempt to minimise overall tissue damage 
For example, during a period of high demand, most but not all coils are driven to a higher 
25 than acceptable level. Once demand is reduced, those coils which were not driven above 
acceptable levels, are provided with a greater proportion of the energy to provide time for 
the tissue exposed to higher than acceptable levels of energy to recover from the 
exposure. Also, when coupling efficiency is reduced in a particular coil, decisions 



15 



20 



to 
ic 
an 



9 



WO 99/44684 

PCT/CA99/00194 

regarding which coil(s) will transfer that energy are related to the estimates of potential 
tissue damage. 

Low internal voltage is caused by poor coupling or by high internal load 
Providing both voltage and load from the internal coil to the external control circuit 
thereby allows for assessment of cause and appropriate control response. Of course other 
feedback is also useful. For example, feedback relating to measured tissue damage device 
operation, battery power level when a battery is used, coupling efficiencies, and so forth 
are useful with a multiple implanted coil implementation of a TET device. 

Further, the use of multiple implanted coils has other advantaees. Increased 
rehability occurs when each coil is capable of providing a large fraction of the necessary 
power or when there is a large number of coils. An external circuit failure has limited 
effect when many external circuits provide power to the implanted device. This is even 
more so when feedback indicates such a failure allowing for corrective action. Movement 
or nusahgnment of an energy source results in an indication of misalignment This 
mdication results in reduced power to that misaligned coil pair and increased power to 
other, better aligned pairs. 

Turning to Fig. 4, a block diagram of a TET system according ,o an embodiment 
of the present invention and incorpbrating the programmable circnit of Fig. 3 is shovm 
The programmable circuit 40 in the form of an FPQA drives a plurality of FET drivers 20 
and a power comrol circuits 43. The FET drivers 20 switch transisrors 10 m drive the 
prrmary coils LI in an alternating fashion. The power COMro , circuits 43 ^ ^ 
and voltage provided to the coils LI when FET 10 are switched., on." The programmable 
crcur, 40 receives inputs comprising riming in tire form of a clock, power in tire form of a 
voltage input, and monitored values received from a, leas, a subcutaneous circuit via a 
telemetry link. The control functions within the progtammahle oircui, 40 are dependent 
upon the received signals. Though a telemetry link in the form of an RF telemetry link is 
shown ,„ Fig. 4, with the programmable circuit 40 any telemetry Ifak providing a 
capabrhty ,„ transmit or receive all necessary mon.rored information will „„ rk „ , s 
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however, preferable to use a true multi-channel communications means according to the 
present invention. 

The RF transceiver 46 receives a signal via an antenna means 48 in the form of an 
RF antenna tuned to a predetermined frequency. Alternatively, the antenna means forms 
an integral part of the primary coil LI (shown in Fig. 5). The received RF signal (at the 
RF transceiver 46) is filtered to reduce noise and remove unnecessary sienals. 
Alternatively, this step is performed in the channel multi-band encoder/decoder 50. It is 
then decoded into individual channels or individual monitored values. 

The channel structure of the information incorporates a channel for control 
information and a plurality of channels for monitored information. Control information is 
transmitted from the external circuit to the subcutaneous circuit. The subcutaneous circuit 
transmits diagnostic indicators in the form of bearing condition, blood sack shape and 
dev,ce failure to the external circuit. Alternatively, the internal circuit sends control 
signals as well as diagnostic signals to the external circuit. In order to send a plurality of 
monitored values via a single channel, a method such as time division multiplexing 
(TDM) is employed. Using TDM, each value is assigned a time slot that repeats even- 
frame. Within each frame a plurality of time slots each contains a value indicative of a 
measured or monitored characteristic. In each frame, the order of the plurality of channels 
is the same and, therefore, a value for each monitored characteristic is obtained by 
sampling the channel for that characteristic. Alternatively, when implanted coils are 
located a sufficient distance one from another, each coil transmits a single channel of 
information. Of course, duplication of transmitted information by transmitting same 
information from several implanted coils improves system robustness. Alternatively, a 
separate transceiver is used for transmitting information. 

An example will demonstrate TDM. When 8 channels are within each frame any 
value can be sampled based on the frame's frequency. Commonly, a frame pulse or a 
frame indicator signal are incorporated in order to align a transmitter and a receiver. From 
a frame's beginning a first channel value is sampled. From a frame's beginning + At (n/8 
of a frame's period) an nth channel is sampled. In this way, a plurality of channels are 
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transmitted across a single physical channel using serial communications. It is preferable 
to maintain at least some channels for security information to ensure that the telemetry 
link is between predetermined circuits. This is to minimise effects of stray signals. 

A subcutaneous circuit comprises secondary coils L2 similar to the primary coils 
5 • LI. An antenna 68 is disposed near the secondary coils L2 and in co-operation with an RF 
transceiver 66 sends monitored signals to the external circuit. Alternatively, monitored 
signals and control signals are transmitted. Alternatively, the secondary coils L2 also act 
as antennas. As with the external received and transmitted signals, noise is present in the 
subcutaneous received and transmitted signals in the form of white noise and cross talk 
10 from the power signal. A channel multi-band encoder/decoder 60 filters the noise and 
extracts desired signals. The channel multi-band encoder/decoder 60 also encodes 
monitored values to form appropriate RF signals in order to improve transmission 
effectiveness. Means such as forward error correction or parity are employed to improve 
the accuracy of the received and decoded signals. 

1 5 The cross talk induced in a received signal is significant. A TET transmits energy 

via a coil pair. The energy transferred is often over 50 watts. The RF telemetry signal 
required to communicate between subcutaneous and external circuits transmits at a power 
level of several milliwatts. It is therefore important to shield circuitry (both external and 
subcutaneous) to ensure that once filtered, cross talk is not reintroduced. In a further 

20 embodiment, monitoring characteristics of at least some of the RF signals received, 
transmitting values in dependence upon the characteristics, and varying the RF signal 
parameters in the form of strength and frequency are implemented to improve telemetry 
robustness. 
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The channel multi-band encoder/decoder 60 receives information to encode for 
transmission from the monitoring means 64. The monitoring means for voltage and 
current form part of the AC to DC converter circuit when one exists. Alternatively, 
separate monitoring means are implemented. Of course, monitoring means are 
implemented to monitor any characteristic desirable in the subcutaneous circuit and in the 
implanted medical device. 

12 



10 



15 



20 



25 



W ° 99/44684 PCT/CA99/00194 

In association with the improved power coupling control mechanism described 
herein, the RF telemetry system allows for a sufficient number of characteristics such as 
phase, voltage, drive current, bearing wear, battery status, and other non-essential 
characteristics such as blood flow, or muscle contraction. Each said characteristic is 
monitored internal to a body and transmitted via RF telemetry to an external control and 
monitoring circuit. Alternatively, external monitoring is also performed to indicate power 
signal voltage, communications signal strength, etc. and transmit monitored values via RF 
telemetry to a subcutaneous circuit. The use of RF telemetry, allows for each monitored 
characteristic to occupy a single channel or alternatively, for multiplexing a plurality of 
characteristics onto a single channel using a known method such as TDM. 

Using RF telemetry, it is preferable to maintain a security ID or another form of 
transmitter verification to prevent effects of stray signals and to limit circuit response to 
signals originating from an appropriate transmitter. 

Referring to Fig. 5, another embodiment wherein same coils act as transceivers of 
energy and information is shown. Here, a second antenna for transmitting information is 
not necessary. 

Referring to Fig. 6a, an embodiment of the invention is shown using fewer 
external coils than internal coils. When coupling efficiency is of significant concern 
energy levels are desired to be low, and the external coil(s) move as is currently the case 
it is advantageous to couple a majority of energy from the external coil(s) to the internal 
coils. 

As shown in Fig. 6b, a single external coil is disposed in close proximity to a 
patient. Implanted beneath the patient's skin is a plurality of secondary coils. The 
secondary coils are implanted in a pattern determined based on common types of 
movement of the external coil. For example, when the external coil is subject to 
movement in only one direction (Shown with arrows in Fig. 6), coils are stacked as 
shown. The result is that movement that would have resulted in a significant loss of 
coupling efficiency, now results in a coupling with a different secondary coil. Coupling 
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efficiency is maintained. Even during the transition, coupling efficiency is imcroved 
because coupling occurs with each of two secondary coils and, thereby, allows for more 
of the transmitted energy to be received by the implanted coils. 

The internal coils are connected to a summing circuit where energy received is 
5 • combined to form a single power signal. With the embodiment of Fig. 6a, further 
advantages exist in that a same internal coil couples with one external coil or another 
depending on the direction in which the external circuit has been moved. Obviously 
allowing the external circuit to move relative to the internal circuit presents advantages in 
the form of increased patient comfort. 
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Referring to Fig. 7, an embodiment is shown wherein the implanted coils are 
disposed at many locations within the patient. This permits significant flexibility in terms 
of apparel and also provides for a large amount of circuit redundancy. Redundancy helps 
improve reliability. Some of the coil pairs shown may be replaced with multiple coil 
couplings shown in Fig. 6. Each pair acts to independently transmit energy across tissue 
The control circuitry acts to direct appropriate amounts of energy to each coil so as to 
reduce tissue damage while ensuring adequate energy for implanted device operation Of 
course an absence of an external coil is not catastrophic when using a TET system 
according to the present invention. 

According to an embodiment, exposure monitoring is performed for tissue 
exposed to electromagnetic radiation. The monitoring produces data that is stored as 
h 1S to„cal exposure data. Coils are provided with power in order to minimise potential 
damage based on historical exposure data, medical data provided through checkups of 
exposed regions, and required energy transmission levels. Using such a system an 
adaptive approach that is capable of being customised to a particular user is provided 
wherem medical information provided during check-ups is then used to evaluate the 
significance of the historical exposure data and therefore allow for reduced overall tissue 
damage. 
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Numerous other embodiments may be envisaged without departing from the spirit 
and scope of the invention. 
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What I claim is: 

1 . A transcutaneous energy transfer device for coupling with a plurality of second coils 
comprising: 

5 • a) a plurality of first coils, each first coil for performing at least one of transmitting power 
to and receiving power from a coil from the plurality of second coils; and, 
b) a circuit, coupled to each coil from the plurality of coils for performing one of 
providing power to each coil of the plurality of first coils, the power provided for 
transmission therefrom, and receiving and combining power from each coil of the 
1 0 plurality of first coils. 
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2. A transcutaneous energy transfer device as defined in claim 1 wherein the plurality of 
first coils are for receiving power; wherein the circuit is for receiving power from each 
coil of the plurality of first coils and for combining power from each coil of the plurality 
of first coils; and, wherein the plurality of first coils are for implanting within a person. 

3. A transcutaneous energy transfer device as defined in claim 2 comprising: 

a) a plurality of second coils, each coil for transmitting power to a first coil; and 

b) a second circuit, coupled to each of the second coils for providing power to each of the 
second coils, the power provided for transmission from the second coils. 



4. A transcutaneous energy transfer device as defined in claim 3 wherein a second coil 
and a first coil form a coil pair, and wherein the coils are arranged to form a plurality of 
coil pairs, wherein the second circuit comprises: 
25 means for determining a coupling efficiency between coils of a coil pair and for limiting 
power provided to each of the second coils in dependence upon the determined coupling 
efficiency. 
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5. A transcutaneous energy transfer device as defined in claim 3 wherein a second coil 
and a first coil form a coil pair, and wherein the coils are arranged to form a plurality of 
coil pairs, wherein the second circuit comprises: 

means for providing energy at a predetermined threshold energy level to each of the 
external coils and wherein a number of coils is switchably provided with said energv at 
the predetermined threshold level in dependence upon a determined amount of energv for 
transmission. 

6. A transcutaneous energy transfer device as defined in claim 3 wherein a second coil 
and a first coil form a coil pair, and wherein the coils are arranged to form a plurality of 
coil pairs, wherein the second circuit comprises: 

means for determining an amount of energy to transfer and for providing energy to a 
plurality of external coils such that each coil transmits a portion of the determined 
amount of energy, the sum of the portions being equal or greater than the determined 
1 5 amount of energy. 

7. A transcutaneous energy transfer device as defined in claim 6 wherein the energy 
provided to a plurality of external coils is provided such that each coil transmits energy 
below a predetermined threshold energy level. 
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8. A transcutaneous energy transfer device as defined in claim 6 wherein the second 
circuit comprises means for approximating an amount of tissue damage caused by energy 
transmission from some of the plurality of coils and wherein the energy provided to a " 
plurality of external coils is provided in dependence upon the estimation. 

9. A transcutaneous energy transfer device as defined in claim 2 wherein a second coil 
and a first coil form a coil pair, and wherein the coils are arranged to form a plurality of 
coil pairs, the device comprising means for transmitting between a plurality of coil pairs a 
same RF signal. 
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10. A transcutaneous energy transfer device as denned in claim 2 comprising means for 
measuring at least a characteristic of some coils from the plurality of first coils during 
operation and transmitting an indication of the at least a characteristic. 

5 1 1 . A transcutaneous energy transfer device for coupling with a second coil comprising: 

a) a plurality of first coils, each first coil for performing at least one of transmitting power 
to and receiving power from the second coil; and, 

b) a circuit, coupled to each coil from the plurality of coils for performing one of 
providing power to each coil of the plurality of first coils, the power provided for 

10 transmission therefrom, and receiving and combining power from each coil of the 
plurality of first coils. 
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12. A transcutaneous energy transfer device for coupling with at least a second coil 
defined in claim 1 1 wherein the plurality of first coils are for receiving power; wherein 

15 the circuit is for receiving power from each coil of the plurality of first coils and for 

combining power from each coil of the plurality of first coils; and, wherein the plurality 
of first coils are for implanting within a person. 

13. A transcutaneous energy transfer device comprising: 

20 a) a plurality of first coils, each first coil for implantation beneath the skin of a patient, 
the coils for receiving energy in the form of electromagnetic energy transmitted from ' 
outside the patient; 

b) a plurality of second coils for transmitting power received by the second coils in the 
form of electromagnetic radiation; and, 
25 c) a driver circuit for providing power to the second coils; 

d) a circuit for combining the received energy received by the first coils and for providing 
power to an implanted device. 



18 



WO 99/44684 

PCT/CA99/00194 

14. A method of providing power from an external circuit having a plurality of primary 
coils to an implanted circuit having a plurality of implanted secondary coils comprising 
the steps of: 

determining an amount of power to provide to the implanted circuit; 
dividing the amount of power into a number of portions; 

supplying sufficient power to each of a number of the primary coils to result in recemion 
of a portion of the power at each of a number of the implanted secondary coils, the 
portions received at each of the implanted secondary coils forming approximately the 
determined amount of power when combined. 

15. A method of providing power from an external circuit to an implanted circuit as 
defined in claim 14 comprising the step of: combining the energy portions received at 
each of the implanted secondary coils. 

16. A method of providing power from an external circuit to an implanted circuit as 
defined in claim 14 comprising the step of: determining a coupling efficiency for energy 
transmitted from some primary coils to some secondary coils. 

17. A method of providing power from an external circuit to an implanted circuit as 
defined in claim 16 comprising the step of: providing additional energy to primary coils 
determined to have efficient coupling with associated secondary coils. 

1 8. A method of providing power from an external circuit to an implanted circuit as 
defined in claim 14 comprising the step of: providing a same communication signal from 
each of a plurality of secondary coils. 

19. A method of providing power from an external circuit to an implanted circuit as 
defined in claim 14 wherein each portion is substantially identical. 
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20. A method of providing power from an external circuit to an implanted circuit as 
defined in claim 14 wherein each portion is a predetermined amount of energy and 
wherein a number of primary coils is switchably provided with the portion in dependence 
upon the determined amount of power. 

21. A transcutaneous energy transfer device comprising: 

a primary circuit comprising a plurality of primary coils coupled to at least a primary coil 
driver, a primary RF transceiver coupled to a plurality of the primary coils for 
transmitting and receiving RF signals, and primary signal filtering and extraction means 
for extracting information from the RF signal received by the primary RF transceiver; and 
a secondary circuit comprising a plurality of secondary coils, a secondary RF transceiver 
coupled to a plurality of the secondary coils, and secondary signal filtering and extraction 
means for extracting information from the RF signal received by the secondary RF 
transceiver. 

22. The transcutaneous energy transfer device of claim 21 further comprising: 

a) means for measuring characteristics of at least a secondary coil from the plurality of 
secondary coils during operation and transmitting an indication of the characteristics; 

b) a voltage control circuit, and 

c) means for receiving the transmitted indication of the characteristic and providing a 
control signal in dependence upon the indication to the voltage control circuit, 
wherein the voltage control circuit is for controlling at least one of voltage and current 
independently in each of the plurality of primary coils in dependence upon a received 
control signal. 
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